In 1960, the terms "neonatology" and "neonatologist" were introduced. Thereafter, an increasing number of pediatricians devoted themselves to full-time neonatology. In 1975, the first examination of the Sub-Board of Neonatal-Perinatal Medicine of the American Board of Pediatrics and the first meeting of the Perinatal Section of the American Academy of Pediatrics were held. One of the most important factors that improved the care of the neonate was the miniaturization of blood samples needed to determine blood gases, serum electrolytes, glucose, calcium, bilirubin, and other biochemical measurements. Another factor was the ability to provide nutrition intravenously, and the third was the maintenance of normal body temperature. The management of respiratory distress syndrome improved with i.v. glucose and correction of metabolic acidosis, followed by assisted ventilation, continuous positive airway pressure, antenatal corticosteroid administration, and the introduction of exogenous surfactant. Pharmacologic manipulation of the ductus arteriosus, support of blood pressure, echocardiography, and changes in the management of persistent pulmonary hypertension, including the use of nitric oxide and extracorporeal membrane oxygenation, all have influenced the cardiopulmonary management of the neonate. Regionalization of neonatal care; changes in parent-infant interaction; and technological changes such as phototherapy, oxygen saturation monitors, and brain imaging techniques are among the important advances reviewed in this report. Most remarkable, a 1-kg infant who was born in 1960 had a mortality risk of 95% but had a 95% probability of survival by 2000. However, errors in neonatology are acknowledged, and potential directions for the future are explored. Abbreviations AAP, American Academy of Pediatrics BPD, bronchopulmonary dysplasia CPAP, continuous positive airway pressure ECMO, extracorporeal membrane oxygenation ELBW, extremely low birth weight HMD, hyaline membrane disease iNO, inhaled nitric oxide IUGR, intrauterine growth restriction IVH, intraventricular hemorrhage L/S, ratio of lecithin, phosphatidyl choline, to sphingomyelin NICU, neonatal intensive care unit PDA, patent ductus arteriosus PEEP, positive end expiratory pressure PPHN, persistent pulmonary hypertension of the newborn PVH, periventricular hemorrhage RDS, respiratory distress syndrome ROP, retinopathy of prematurity SIDS, sudden infant death syndrome VLBW, very low birth weight VON, Vermont-Oxford Network "There is need for specialization in neonatal medicine. This applies to doctors and nurses as well as teaching and construction of hospitals. The specialist in neonatal diseases and the nurse intensively trained and expert in the management of delicate newborns will be commonplace ere long." J.W. Ballantyne, 1923 (1) "In previous times the problems of the newborn child have been the province of the obstetrician, a field in which he has taken comparatively little interest and to which he has contributed little. As pediatricians we have but scratched the surface." C.G. Grulee, 1939 (2) The beginning of modern neonatology started~50 y ago, although there were physicians who were interested in the welfare of the newborn infant earlier. Much of what we know about the years before this has been recorded in two books written by pediatricians. The first was 
"There is need for specialization in neonatal medicine. This applies to doctors and nurses as well as teaching and construction of hospitals. The specialist in neonatal diseases and the nurse intensively trained and expert in the management of delicate newborns will be commonplace ere long." J.W. Ballantyne, 1923 (1) "In previous times the problems of the newborn child have been the province of the obstetrician, a field in which he has taken comparatively little interest and to which he has contributed little. As pediatricians we have but scratched the surface." C.G. Grulee, 1939 (2) The beginning of modern neonatology started~50 y ago, although there were physicians who were interested in the welfare of the newborn infant earlier. The first edition of the booklet entitled "Standards and Recommendations for Hospital Care of Newborn Infants" was published by the Committee on Fetus and Newborn of the American Academy of Pediatrics (AAP) in 1948. Four years later, Virginia Apgar presented a paper to the anesthesia research societies about neonatal assessment in the delivery room (3) and helped focus attention on the newborn infant.
Much of what we know about the years before this has been recorded in two books written by pediatricians. The first was by Thomas E. Cone, Jr., of Boston, who published his book in 1985 (4) . A more concise version of Dr. Cone's thoughts can be found in the first of two small volumes published in 1983, which were widely distributed at the time but difficult to find now (5) . The second was by Murdina M. Desmond, published in 1998 (6) , the title of which reflects her own background.
Physicians who had an interest in the newborn were evident in the 19th century, but most were obstetricians. The idea that premature infants could be treated was probably introduced in the second half of the 19th century. At that time, considerable attention was devoted to accurate measurement of birth weight, to feeding, and to the use of incubators in France, Germany, and England.
In the mid-20th century, many pediatricians demonstrated an interest in the newborn; the primary responsibility for these infants passed from the obstetrician to the pediatrician. Several premature nurseries existed in the United States in the 1930s and 1940s, and books were written on care of the newborn, particularly the premature infant, such as those by Julius H. Hess, M.D. (7), Arthur H. Parmelee, Sr. (8) , and Ethel C. Dunham (9) in the United States and V. Mary Crosse (10) in the United Kingdom. In Scandinavia, Arvo Ylppö, the Finnish pediatrician (1887-1992), spread the word about the physiology and pathology of the newborn, based on his studies in Berlin.
The work of Sir Joseph Barcroft in the United Kingdom brought new understanding of the fetus (11) ; and in the United States, Clement Smith published his book on the physiology of the newborn infant (12) . Their work and that of their collaborators provided a solid basis for the development of evidencebased clinical care, even if the evidence was largely in nonhuman mammalian fetuses and neonates. It is appropriate to single out Dr. Julius Comroe at the Cardiovascular Research Institute in San Francisco and Dr. Geoffrey Dawes in Oxford, England (13) , as key figures who fostered and promoted physiologic investigation of the fetus and neonate.
The term neonatology was coined in 1960 and is attributed to Alexander Schaffer, M.D., who used the term in the introduction to the first edition of his book (14) . Also in the early 1960s, an important distinction was made between small infants who were born preterm (Ͻ38 wk gestation) and term infants who were small because of intrauterine growth restriction (IUGR). Previously, any infant whose birth weight was Ͻ2500 g was deemed to be premature.
Theoretical knowledge was advancing rapidly in this era, but it was not until the late 1960s and early 1970s that major changes in clinical care occurred. One of the most important advances was the miniaturizing of blood samples needed to do blood tests for management of clinical care, such as serum electrolytes, blood gases, bilirubin, and liver function tests (15) . It was not until the second half of the 20th century that attitudes began to change. As noted by Nicholas Nelson, M.D., in 1983, "The fluid and electrolyte supports introduced by Usher and the respiratory supports introduced by Stahlman, Swyer, Tooley, James and others, not to mention the freer use of diagnostic catheters by cardiologists, all brought the sick premature newborn infant to his present state of respectability as a patient to be cared for, rather than an object to be pitied" (16) .
There are several key areas that provide the basis for the care of all neonates. I have put these into perspective and focus on some of the more important advances of the last 40 y or so that pertain to the preterm infant.
THERMOREGULATION
At this point, it is probably not necessary to detail the development of the modern incubator (17) (18) (19) . Suffice it to say that at the end of the 19th century, infant and neonatal mortality was alarmingly high and temperature regulation improved survival. Tarnier and Budin, in Paris, emphasized the utility of the incubator, as did von Reuss, in Germany, but they acknowledged the work of others who preceded them. The first incubator was introduced in 1835 by Von Ruehl in St. Petersburg, Russia (20) . In the United States, attention was drawn to the potential of incubators by the side-show displays of Martin Couney at a permanent exhibit at Coney Island, which closed in 1933, and at World's Fairs in Chicago and New York (the latter in 1939 -1940) (17, 18) . Various incubators were designed and used in Europe and the United States, but it was not until the work of William Silverman, Richard Day, and colleagues at Columbia, New York, in the 1950s that the benefits of modifying body temperature were demonstrated. In one of the first randomized, controlled trials in neonatology, they were able to show that survival was better in preterm infants who were kept in incubators that were 4°warmer than in the control infants (21) . Despite these results, it took several years before they were translated into routine care of preterm infants. (As a pediatric resident in the mid-1960s, I remember that it was considered normal for preterm infants to have lower body temperatures than term infants.) Subsequently, the factors that affect the equation of heat loss versus heat production were elucidated (22) . The importance of radiant heat loss led to the introduction of radiant warmers, both in the delivery room and in premature nurseries. It was also noted that an important component of heat production was the presence of brown fat (23) . It was demonstrated that not all infants of low birth weight (LBW) were born preterm but might be small for gestational age or experience IUGR (24). Some were found to have difficulty maintaining their body temperature, largely because they lacked brown fat. Because other substrate was used to produce heat, they also developed low blood glucose levels. For different-sized infants, at different postnatal ages, a range of temperatures, called the neutral thermal environment (25) , was found to minimize energy expenditure.
Another important advantage of the modern incubator is improved visibility. When clear plastic incubators were introduced in the late 1940s, "Nurses and doctors stared at the naked babies as if they were seeing them for the first time. Naked infants were examined more completely, observed more closely, and treated more actively than ever before" (18) .
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NUTRITION
Keeping infants warm is a basic necessity; so, too, is providing appropriate nutrition.
Infant formula. After the discovery of the chemical composition of milk in the 1890s, various percentages of protein, fat, and carbohydrate were used to prepare feeding, called "formula" feeds; the feeding that approximated human milk was introduced in the 1920s. Evaporated cow milk was the basic milk product used, to which was added carbohydrates such as Karo syrup, both for term and preterm infants. To supplement breast milk, DaFoe, in caring for the Dionne quintuplets, used a preparation of evaporated milk, water, and corn syrup, to which a few drops of rum were added (26) .
The work of Levine and Gordon in the early 1940s documented that preterm infants who were fed formulas with increased protein, calcium, phosphorus, and sodium and decreased saturated fats grew more rapidly. However, high protein intake resulted in fluid retention, azotemia, and metabolic acidosis. The introduction of whey-predominant formulas for the preterm infant in the early 1980s resolved many of these problems (27) .
Nevertheless, "breast is best" is the motto that most neonatologists promote today (28) . The composition of human milk expressed by mothers who have delivered prematurely was found to differ from that produced at term and is more appropriate for preterm infants, even though supplements are required to increase caloric strength and protein, sodium, calcium, and phosphorus (29) .
Techniques for providing nutrition. Until the preterm neonate became "a patient to be cared for," attempts at providing adequate nutrition were limited. Gavage feeding using soft red rubber catheters was reported as early as 1851 by Marchant of Charenton, according to Budin (30) , and polyethylene tubes were introduced in the 1950s (31) .
The difficulty in preterm infants is the immaturity of the gastrointestinal tract, especially with immature motility patterns and delayed transit. Particularly, in the presence of edema and difficulties with respiration, many preterm infants in the United States were deprived of all nutrition and were frequently starved for up to 72 h or even longer. In hindsight, it is hard to understand the logic behind this approach. Many European physicians, especially Ylppö, were critical of the idea. Early feeding of preterm infants with breast milk was promoted in Oxford as early as 1964 (32) . As difficulties with hypoglycemia and hyperbilirubinemia were better appreciated in these preterm infants, the need for the early provision of nutrition became more apparent in the United States (33) .
Difficulties in providing enteral nutrition stimulated the introduction of i.v. feeding, a major advance. Another important advance was the development of microinfusion pumps, now able to deliver increments as small as 0.1 mL/h. This facilitated the accurate administration of i.v. fluids to extremely preterm infants.
Initially, peripheral venous nutrition was primarily in the form of glucose. Numerous investigators attempted to infuse protein hydrolysates to the preterm or postsurgical infant, but it was Dudrick and Wilmore who worked initially with laboratory animals in Rhoads's Department and developed the basis by which high caloric i.v. preparations, with appropriate nitrogen concentrations, could be infused into large-caliber vessels (34, 35) .
These techniques were rapidly applied to the care of the low birth weight infant (36, 37) . At first, the protein was provided by casein or fibrin hydrolysates, but complications such as metabolic acidosis, hyperammonemia, and azotemia resulted. Newer amino acid preparations were developed, and these complications were almost completely eliminated (38) . The addition of trace elements and vitamins enhanced the i.v. cocktail, and after a great deal of difficulty in identifying an appropriate i.v. lipid preparation, this, too, was added to the nutritional support of the preterm infant (39) .
Initially, these preparations had to be infused into major veins and even the umbilical arteries. Peripherally inserted central venous catheters have been used with increasing frequency in recent years. Peripheral venous lines have also been used with lowered concentration of glucose (10 -12%) for short-term nutritional support.
Over time, it was learned that there are limitations to the amount that can be tolerated, usually 4 g · kg Ϫ1 · d Ϫ1 of amino acid and 3.5 g · kg Ϫ1 · d Ϫ1 of lipid (40, 41) . Currently, the major difficulties that we have with total parenteral nutrition in these infants is our inability to provide adequate calcium and phosphorus, and also the development of total parenteral nutritioninduced cholestasis.
Recently, trophic feeds (minimal enteral feeds) have been advocated for the very immature infant to enhance the more rapid development of gastrointestinal function. Early reports of the use of this technique have been associated with a decreased incidence of both cholestasis and nosocomial infections (42) .
GROWTH
Growth norms. Several groups published growth curves to indicate the anticipated measurements for birth weight, length, and head circumference at various gestational ages. Some of these data were gathered at high altitude (43) and others at sea level (44) and allowed for the introduction of the concept of small-, appropriate-, and large-for-gestational-age infants (45) .
Disordered fetal growth. The system of classification of neonates into small, appropriate, or large for gestational age was published in 1967, but the realization that some fetuses were either undergrown or overgrown came several years earlier. Farquhar in Scotland (46) and Gellis and Hsia (47) and Cornblath (48) in the United States had written about the overgrowth of infants of diabetic mothers and recognized that they were prone to a litany of problems, such as hypoglycemia, respiratory distress syndrome (RDS), hyperbilirubinemia, hypocalcemia, hypertrophic cardiomyopathy, etc., when mothers were poorly controlled.
Gruenwald (49) drew attention to the idea that undergrowth might be the result of placental insufficiency, and Warkany et al. (50) probably introduced the term "intrauterine growth retardation," which recently was modified as "intrauterine growth restriction" because parents are frequently alarmed by the word "retardation." Adding to the confusion are other terms 801 HISTORY OF NEONATOLOGY such as fetal malnutrition, dysmaturity, hypotrophy, and light or small for dates. This disorder has its own set of immediate problems, such as fetal distress, hypoglycemia, hyperviscosity, etc. but may also have life-long consequences on health, such as hypertension and diabetes; this is known as the "Barker hypothesis" (51) . Although careful control of diabetic mothers during pregnancy has decreased the number of classical infants, the ability to affect the outcome of IUGR fetuses has been more limited, probably because of multifactorial cause.
Postmaturity. Before birth weight/gestational age classification was introduced, it was recognized that in addition to many premature infants, some were born postmature, usually Ͼ42 wk gestation, and were distinguishable by features such as meconium staining of the umbilicus and fingernails and deep creases on the feet. Stewart Clifford provided a detailed discussion of such infants (52) . Like other dysmature infants, postmaturity was associated with problems linked to hypoxemia and undernutrition. Recently, obstetric management resulted in an aggressive approach to prevent postterm delivery (53) .
RESPIRATORY SUPPORT
Oxygen. Until the mid-1960s, the primary support for respiratory function was the provision of supplementary oxygen. This simple therapy proved to have devastating consequences when the philosophy of "if a little is good, a lot should be better" was espoused and many preterm infants developed retrolental fibroplasia, now called retinopathy of prematurity (ROP).
In an era when it was difficult to measure oxygen tension in the blood, the only way to determine whether an infant was adequately oxygenated was to observe color. If the infant was cyanotic, then oxygen was administered to relieve cyanosis but often in concentrations that produced superoxygenation, it was later determined. Cyanosis in adults is usually clinically apparent when~5 g/100 mL of deoxygenated (reduced) Hb is circulating. It was shown in neonates that cyanosis was evident when 3 to 4 g/100 mL of deoxygenated Hb was present (54) .
The ability to measure arterial oxygen tension made a huge difference in our ability to manage oxygen therapy. Blood samples of~2 mL were needed, but by the end of the 1960s, sample size was down to 0.5 mL and subsequently to 0.2-0.3 mL. Because of the association of ROP with the liberal use of oxygen, there was proscription of the use of 100% oxygen. Incubators of that era were designed so that no more than 40% oxygen could be delivered, unless a baffle on the back of the incubator were closed. When this was done, it literally raised a red flag to indicate that dangerous amounts of oxygen were used. The pendulum had swung the other way, and infants undoubtedly died because they were deprived of adequate amounts of oxygen (18) .
The physiologic studies of Joseph Barcroft, Donald Barron, Clement Smith, John Lind, Geoffrey Dawes, and others showed that the fetal animal and, presumably, the human had a much lower circulating PO 2 than the human newborn. This had specific import for the infant who was born very preterm (Ͻ32 wk), because these infants would not have been exposed to even normal levels of PO 2 had they remained in utero. The specific cause of ROP is probably multifactorial, but the generation of oxygen-free radicals almost certainly is contributory (55) .
Resuscitation in the delivery room. It is now hard to appreciate the benign neglect that occurred in most delivery rooms in the world until the late 1950s. Earlier, Virginia Apgar had reported her scoring system and in 1958 (56) proposed that someone other than the delivering obstetrician or midwife should concern him-or herself with the infant or infants. She suggested that the infant should be evaluated using five parameters-heart rate, respiration, reflex activity, tone, and colorwithin the first minute, and, if necessary, intervention to improve the situation should occur before reevaluation of the infant at 5 min (56) . Although the method has occasionally been questioned, it remains a very valuable tool in neonatal assessment around the world (57) . It should be emphasized that Dr. Apgar never claimed that her score was predictive of long-term outcome, and it should not be used for this purpose.
Virginia Apgar may have been the first person to insert an umbilical artery catheter for the purpose of measuring arterial blood gases (58) . This technique was certainly key and improved our ability to obtain better results with assisted ventilation.
During the past few years, the need for 100% oxygen in the delivery room has been questioned, because many infants can be resuscitated successfully in room air (59) . This idea has not been universally accepted at the time of writing. What has been accepted is the role of bag-and-mask ventilation or endotracheal intubation and assisted ventilation when an infant fails to establish spontaneous respiration. Both of these techniques followed logically from evaluation of the Apgar scores and replaced other methods that were considered useful but that had marginal utility. When I graduated from medical school in Edinburgh, Scotland, in 1961, the approved method of resuscitation was intragastric oxygen. In Glasgow, hyperbaric oxygen was proposed for this purpose (60) , although it sometimes took approximately half an hour to place the infant in the device! One specific aspect of neonatal resuscitation is the approach to prevent meconium aspiration syndrome (61) . Although not all cases can be prevented, suctioning of the oropharynx with the head on the perineum, followed by prophylactic endotracheal intubation and suctioning became an early example of obstetrician and pediatrician collaboration (62) .
In the past 20 y, the establishment of a national resuscitation program in the United States codified neonatal resuscitation in a way that could be taught to thousands of physicians and nurses (63) . The program has been exported to other countries, and although it has had wide acceptance and application, it may be replaced by more sophisticated methods in the future.
Despite the widespread improvement in neonatal resuscitation, intrapartum asphyxia continues to be a problem. It was hoped that the use of fetal heart rate monitoring and fetal scalp sampling, to evaluate fetal blood pH, would eliminate this concern, but it has not been the case. It was also assumed that careful fetal evaluation by the obstetrician would decrease the incidence of cerebral palsy. This has been shown to be a false 802 PHILIP assumption, with few cases (maybe 15%) of cerebral palsy attributable to intrapartum events (64) .
Intrapartum asphyxia was found usually to be the result of either poor uteroplacental blood flow (e.g. with hypertensive disorders) or a sudden hypoxemic event (e.g. prolapsed umbilical cord, acute placental abruption). The important studies of asphyxia in primates performed by Dr. William Windle and later by Ronald Meyers and Albert Brann deserve special mention. The situations above roughly equate to partial prolonged asphyxia or total acute asphyxia evaluated in the primate (65) . Because of the poor outcomes after a prolonged asphyxial insult, methods to protect against such injury have been sought. Recently, this has stimulated attempts to decrease brain metabolism by using moderate systemic hypothermia or localized brain hypothermia. However, the window of opportunity for this therapy is open for only a short time (66) .
Assisted ventilation. It was not until the mid-1960s that attempts were made to provide continuous respiratory support, using mechanical ventilation, for infants with severe respiratory disease. At that time, most preterm infants who died after several days were found to have histologic evidence of hyaline membranes in the lungs at postmortem examination. They were considered to have hyaline membrane disease (HMD). Mary Ellen Avery and Jere Mead showed in 1959 that this disorder was linked to a deficiency of surfactant in lung fluid (67) . At approximately the same time, the alternative hypothesis was proposed that pulmonary hypoperfusion might be the determining factor in development of hyaline membranes (68) .
Because HMD was the apparent cause of death of the infant son of President John F. Kennedy, research money became available to investigate the cause and support the management of the disorder. Not all infants with the disease died but often demonstrated spontaneous improvement after increasing severity of illness for 2 or 3 d. At approximately this time, Robert Usher, in Montreal, showed in a randomized, controlled trial that RDS mortality could be reduced by using a constant infusion of i.v. glucose and bicarbonate to minimize hyperkalemia and acidosis (69) . In the 1960s, this was known as "the Usher regime." Portable x-ray machines became available and contributed to the more accurate assessment and aggressive management of respiratory disorders of the neonate. Earlier, infants were considered too sick to have an x-ray. Now, the machine came to the infant, instead of taking the infant to the machine.
A national consensus conference determined that the term RDS was probably more appropriate than HMD, because HMD was a pathologic diagnosis. However, this consensus was a small majority. Because of the uncertain cause, "idiopathic" was frequently placed before RDS (hence, IRDS).
In the mid-1960s, a group of investigators in several different centers began to adapt mechanical ventilators, used for adults, to assist ventilation of infants with RDS with the hope that they could be helped through the critical first days, until spontaneous resolution might occur. In the beginning, only the sickest infants were tried on assisted ventilation, with variable success. Many times it was possible to produce improvement for several days, only to have the infant succumb days later. In the early days of mechanical ventilation, both positive-pressure ventilators and negative-pressure ventilators were used.
I was fortunate to spend 3 mo in 1969 at the Port RoyalBaudelocque Center in Paris, which was headed by Prof. Alex Minkowski. Early in my stay, I observed a conference on assisted ventilation, the proceedings of which were later published in Biology of the Neonate (the journal established by Prof. Minkowski as Biologia Neonatorum) (70) . The big question was whether it was appropriate to continue to push forward with assisted ventilation in light of technical difficulties-the negative-pressure ventilator was almost impossible to use in infants who weighed Ͻ1500 g-and other complications such as bronchopulmonary dysplasia (BPD), which had already been described with positive-pressure ventilation (71) . The answer now is obvious, but there was a good deal of soul searching at the time.
Two specific problems related to assisted ventilation deserve comment: BPD and pulmonary interstitial emphysema. BPD was first described in 1967 (71) and was sometimes called "respirator lung" (70) . It was subsequently recognized that this was not exclusively oxygen toxicity but seemed to be caused by the combination of barotrauma (pressure), oxygen, and the duration of exposure of the immature lung to both (72) . In the 1970s and 1980s, prolonged hospitalization as a result of the consequences of lung injury was common. Cystic change and marked hyperinflation were not uncommon and frequently led to cor pulmonale and death. Since the advent of surfactant treatment for RDS, BPD is a much more benign disorder. It is now commonly referred to as chronic lung disease of prematurity, with radiographic features that are much less dramatic but are accompanied by prolonged oxygen dependence (73) . However, this is usually for several weeks beyond term gestation, whereas it was formerly for several months.
Before the introduction of surfactant therapy, assisted ventilation was frequently accompanied by air leaks, usually pneumothorax and pneumomediastinum, which now can be detected with high-intensity fiberoptic transillumination, introduced in the 1970s (74, 75) , allowing emergency intervention. As our ability to ventilate extremely preterm infants improved and surfactant was more widely used, the incidence of pneumothorax decreased (76) . However, pulmonary interstitial emphysema remains a problem and can be extremely difficult to treat. This situation seems to be where highfrequency ventilation has been most successful (compared with conventional ventilation) (77) .
Continuous distending pressure. From the observations of Avery and Mead and other studies, it was well recognized that atelectasis was a major component of RDS. The group at the University of California, San Francisco, proposed that RDS be called progressive pulmonary atelectasis to describe more accurately the pathophysiology of the disorder. Not only was assisted ventilation enhanced by using positive end expiratory pressure (PEEP), but also the principle was used de novo early in the course of RDS by the group at the University of California, San Francisco (78). They called this continuous positive airway pressure (CPAP), although the principle is the same as PEEP. Some infants (neonates) with RDS could be 803 HISTORY OF NEONATOLOGY treated with CPAP alone, although many went on to need assisted ventilation with PEEP.
Early in the application of CPAP, attempts were made to apply it with either a face mask or a head hood, but it was most successful using an endotracheal tube. Soon, a group in Cleveland used a nasal device to provide CPAP (79); nasal prongs have persisted as the preferred method of application since then, although there have been variations.
When negative-pressure ventilators were used, there was also the capability to provide continuous negative pressure. Several attempts were made to provide free-standing negativepressure devices (a body cuirass), but they have not caught on, despite that avoiding endotracheal intubation seems to be a worthy goal. The use of continuous distending pressure has been the mainstay of all subsequent ventilatory techniques, including pressure-generated, volume-generated, or highfrequency ventilation.
Assessing fetal lung maturity. Fetal assessment is generally the domain of the obstetrician, particularly the maternal-fetal specialist, although the neonatologist has an interest in how the fetus is evaluated and treated. Louis Gluck, a pioneer in neonatology, devised a method of assessing lung maturity in the fetus using the ratio of lecithin, phosphatidyl choline, to sphingomyelin (L/S) in amniotic fluid (80) . This advance resulted from earlier work that demonstrated that fetal lung fluid in the airways contributed to amniotic fluid, rather than the reverse (81). It was not uncommon, before the introduction of measurements of the L/S ratio, for obstetricians to deliver infants who were only slightly preterm and went on to develop severe RDS.
An L/S ratio of Ͼ2:1 usually signifies mature lungs. Subsequently, measurements of phosphatidyl glycerol in amniotic fluid were found to be even more predictive of RDS than the L/S ratio. Infants of diabetic mothers had a delay in lung maturation, which may result from fetal hypersecretion of insulin, blocking the enzyme inductive capability of cortisol in the lung. This may be overcome by careful glucose control (82, 83) .
Prenatal corticosteroids. The discovery and application of prenatal (antenatal) corticosteroids was concurrent with assessment of fetal lung maturity. This started in 1972 with the publication of the use of betamethasone to prevent or minimize the severity of RDS (84) . Possibly because it was published in a pediatric journal but also because a subsequent collaborative study published in an obstetric journal provided a less conclusive response (85) , it was several more years before the body of evidence convinced obstetricians to sign on to this remarkably beneficial adjunct in the care of the preterm infant. These data were collected in a consensus conference, published in 1994 (86, 87) . It was also documented that antenatal betamethasone has a protective effect against the development of intraventricular hemorrhage (IVH) (87, 88) .
Exogenous surfactant. After the Avery-Mead discovery of the link between surfactant lack and development of HMD (RDS) [which followed the work of Pattle (89) and Clements (90) ], attempts were made to provide the major component of surfactant, dipalmitoyl phosphatidyl choline, via the endotracheal tube, but these proved disappointing. It was not until 1980 that Fujiwara reported success in human newborns using exogenous liquid surfactant derived from minced calf lung (91) . At that time, others were working on surfactant extracts derived from human amniotic fluid or a synthetic product (92, 93) ; there was also a powdered form of surfactant, with the acronym ALEC, for acute lung expansion compound (94) .
Over the next few years, many nurseries participated in randomized, controlled, clinical trials of different products. In the United States, the two major competitors were Exosurf (a synthetic product produced by Burroughs-Wellcome) and Survanta (derived from calf lung and produced by Ross Laboratories). Although Exosurf received Food and Drug Administration approval first in 1990, Survanta was close behind and rapidly gained greater acceptance because of more rapid improvement. In Europe and Scandinavia, a porcine-derived surfactant, Curosurf, also rapidly gained ascendancy because of its rapid onset of improvement and demonstrable decrease in pulmonary mortality and morbidity (95) .
There are several other competing products, which claim greater efficacy, but the success of all of these animal-derived products seems to be related to the presence of surfactant proteins (96) . The impact of exogenous surfactant on neonatal survival has been enormous (97) .
Cardiopulmonary monitors. Until the 1960s, the bedside nurse was responsible for taking vital signs at intervals dictated by the severity of illness of the infant. However, when it was recognized that prolonged and frequent apneic episodes might result in long-term consequences, apnea monitors were introduced (98, 99) . The prototypes were impedance monitors that picked up electrical signals across the chest, but pneumatic mattresses that picked up breathing movements enjoyed brief popularity. These monitors were set to alarm at 15 to 20 s of apnea. Continuous heart rate monitors also became available with a needle pointing to a number. Subsequently, cardiopulmonary monitors with a waveform displayed on a screen became standard equipment in intensive care, or special care, nurseries, as an extension of the nurse. Blood pressure monitoring was added later.
Oxygen saturation monitors. Intermittent oxygen tension measurements using microsamples of blood gave way to transcutaneous oxygen monitoring in the mid-1970s (100), a completely different view of neonatal oxygenation that provided a continuous recording. However, measurement of transcutaneous oxygen requires a heated electrode, which needs to be moved frequently to avoid skin injury, especially in the very preterm infant.
In the 1980s, pulse oximetry was introduced to neonatology (101) and rapidly gained popularity because it used a light sensor that could be wrapped around the foot or the hand to detect oxygen saturation. Because there was no heating device, the position did not need to be changed frequently. However, when the pulse was not being detected, the monitor would alarm, and this occurred frequently when the infant was moving. This problem now seems to be solved with some devices.
Apnea, sudden infant death syndrome, and methylxanthines. At the end of the 1960s, it was agreed that if attacks of apnea were frequent and prolonged, then hypoxic brain damage was likely to follow. In the early 1970s, Kuzemko won-804 PHILIP dered whether aminophylline might ameliorate this problem, because it was known to act on the respiratory center (102) . Subsequently, other studies showed the value of aminophylline, as well as noting the interconversion of theophylline with caffeine. Caffeine then was used to treat apnea (103) , and because it can be given once a day, it has gained greater acceptance.
Also in the early 1970s, the hypothesis was generated that apnea was the precursor of sudden infant death syndrome (SIDS). In some centers, this created a whole new industry of home apnea monitoring, which was based on parental fear of SIDS. This was categorized a few years ago as a fraud perpetrated on the public (104) . The "Back to Sleep" campaign has been much more successful in preventing SIDS (105) .
CARDIOPULMONARY SUPPORT
It is not always possible to consider the lungs in isolation, and there are several other innovations that have had an impact on the outcome of neonates, both preterm and term, that are more concerned with the circulatory system but inevitably have an impact on the pulmonary system. Patent ductus arteriosus management. With improvements in management of RDS, many preterm infants had rapid changes in the dynamics of pulmonary blood flow, which resulted in left-to-right shunting through a patent ductus arteriosus (PDA). Most of these infants were considered too small or unstable to attempt surgical ligation of the PDA. Although this attitude has changed in recent years (with surgical ligation now being done in the corners of many NICUs), the discovery that the PDA could be closed pharmacologically with indomethacin (106,107) had a major impact on the practice of neonatology.
In some circumstances, the opposite strategy is used. Prostaglandin E has been used since 1975 to maintain the patency of the ductus arteriosus in cases of cyanotic congenital heart disease (108) .
Blood pressure support. Methods of measuring systemic blood pressure in the neonate were crude until the 1970s, when umbilical arterial catheters were frequently inserted. This gave direct access to arterial blood pressure, and the normal range of blood pressure could be determined (109) . Subsequently, noninvasive methods became available, which provided measurements comparable to those obtained directly. With these devices, combined with clinical evaluation of peripheral blood flow, much greater attention was given to maintenance of both adequate circulatory blood volume and blood pressure. The use of colloid and crystalloid increased markedly (110) , as did the use of pressor agents, such as dopamine and dobutamine (111) .
Persistent pulmonary hypertension management. With the advances in measurement of systemic blood pressure came a more sophisticated understanding of pulmonary blood pressure. Under certain circumstances, most notably with asphyxia and/or meconium aspiration syndrome, the syndrome called "persistent fetal circulation" was described (112) , with persistence of right-to-left shunting at the ductus arteriosus and foramen ovale seen in utero. This was really a misnomer and should have been called "persistent transitional circulation," because the placenta was no longer in the circuit. The problem is encountered most frequently in term or postterm infants. This now is usually described as persistent pulmonary hypertension of the newborn (PPHN). There were two approaches adopted to try to correct this: either increase systemic blood pressure or decrease pulmonary blood pressure. For many years, tolazoline (Priscoline) was used to decrease pulmonary blood pressure, sometimes with dramatic success (113) , but this agent had a tendency to cause a decrease in systemic blood pressure at the same time. To counter this, pressors were used. It was also noted that the condition tended to worsen with agitation or crying, so sedative/analgesia drugs were introduced and even paralysis. Thus began the era of polypharmacy for this condition.
At least two other adjuncts to therapy that have had variable acceptance were described. First, it was noted that hyperventilation seemed to produce improvement, and it was not clear for a while whether this was because of decreased CO 2 or increased pH. Subsequently, it was shown convincingly that increased pH (alkalemia) was the important component (114) . Second, an agent used in obstetrics for muscle relaxation was used in the neonate. This is magnesium sulfate, which seems to have a selective effect on the pulmonary arterioles (115) .
Despite any or all of these interventions, the infant went on to die in many situations. This was the result of peripheral extension of the arterial/arteriolar muscle into the capillaries (116) . The most likely stimulus seemed to be chronic intrauterine hypoxemia.
Two other modes of therapy had a significant impact on the management of PPHN: 1) inhaled nitric oxide (iNO) and 2) extracorporeal membrane oxygenation (ECMO). One of the more intriguing discoveries in recent years was that iNO, acting as a selective pulmonary vasodilator, could produce marked benefit in neonates with PPHN (117, 118) . The early reports used considerably higher concentrations than those generally used today. The ability to deliver a therapeutic agent via inhalation directly to the site of the problem meant that undesirable side effects are less likely. Earlier intervention with iNO has contributed to a decrease in the number of infants who require ECMO.
When all else fails in the management of PPHN, there is always the possibility of achieving success with ECMO. This technique involves cannulation of major blood vessels, usually the carotid artery and jugular vein, and requires very careful evaluation of coagulation status. The underlying lung pathology may resolve while the pulmonary circulation is largely bypassed.
When first introduced, the studies of ECMO generated a good deal of controversy because of the statistical methods used at the University of Michigan (119) and a somewhat different but equally contentious method at Children's Hospital, Boston (120) . Because of the controversy engendered, it was possible for researchers in the United Kingdom to maintain equipoise and undertake a randomized, controlled trial that confirmed the value of ECMO (121) . Most centers do not undertake this form of treatment in infants who weigh Ͻ2 kg, and it is recommended that it be limited to centers that perform the procedure frequently to maintain the skills required.
HISTORY OF NEONATOLOGY
Echocardiography. While considerable advances were attributed to the introduction of cardiac catheterization in the mid-20th century, the ability to detect structural abnormalities with the use of cardiac ultrasound, echocardiography, revolutionized pediatric and neonatal cardiology (122) . Using Doppler techniques, the direction of blood flow could be detected. This made the detection of PDA and intracardiac shunting secondary to PPHN relatively simple.
Other advances in neonatal echocardiography are beyond the scope of this article. However, it should be mentioned that fetal echocardiography has assumed increasing importance in the past decade, allowing early diagnosis of congenital heart disease to be made and delivery at a cardiac center to be facilitated.
NEONATAL INFECTION
The start of the antibiotic era coincided with the beginning of modern neonatology. Before the introduction of penicillin, the most important organisms causing neonatal sepsis and meningitis were Streptococcus pyogenes (group A Streptococcus), Staphylococcus aureus, and Escherichia coli. The Staphylococcus rapidly developed resistance to penicillin and created an extremely problematic situation in most hospital nurseries. The "cloud" infant was described (123) , cultures from many sites were sent, and cohort nurseries were established (124) . Hexachlorophene was widely used to suppress the organism but proved to have its own hazard in premature infants, causing cystic lesions of the brain (125) . When methicillin was discovered, which was effective in treating S. aureus, there was a great sense of relief.
The difficulty of making a definitive diagnosis of neonatal sepsis or meningitis early in its course has been recognized for decades. This limits our ability to restrict the use of antibiotics to neonates with known infection. In the 1970s, more attention was paid to interpretation of the white blood cell count and differential, as well as acute-phase proteins (126) . C-reactive protein was shown in Sweden to be helpful in diagnosis as long ago as 1974 (127) but was not widely embraced in the United States. The immature to total neutrophil ratio also proved to be a useful adjunct (128, 129) . Until the present time, no single test has proved reliable in making an early diagnosis of sepsis, although this may be about to change if the PCR technique is used to identify bacteria (130) .
In the early 1970s, S. agalactiae (group B Streptococcus) became a serious concern across the country, although isolated reports had been published earlier (131) . "Early" and "late" forms of the disease were described (132) . Only recently has obstetric practice changed to minimize the effect of this organism (133) . However, as one bacterial organism declines, there is always another to take its place. E. coli has remained a fairly constant threat, and several multicenter trials were organized to evaluate the management of Gram-negative bacillary neonatal meningitis (134) . Antibiotic-resistant bacteria remain a continuing concern in all nurseries. In the very low birth weight (VLBW) infant, coagulase-negative staphylococci play an important role (135) and have limited sensitivity-most are still sensitive to vancomycin-but fungal organisms, such as Candida albicans and Malassezia furfur, may be very difficult to eradicate (136) .
Intrauterine infection with nonbacterial organisms was well described in the 1960s, when the expanded congenital rubella syndrome was described (137) and investigation with TORCH titers became common. This acronym stood for toxoplasmosis, other, rubella, cytomegalovirus, and herpes simplex; chief among "other" was congenital syphilis (138, 139) . Later, we were introduced to parvovirus B 19 , which can cause profound anemia and hydrops of the fetus (140) , and on a global basis, perinatal transmission of HIV-1 has had a devastating effect on millions of infants who became HIV positive or acquired AIDS. Although perinatal transmission may now be prevented in many cases, availability of appropriate drug therapy remains a problem (141) .
OTHER IMPORTANT PROBLEMS OF PREMATURITY
With advancing knowledge, the premature infant was no longer labeled a weakling but was evaluated carefully and found to have a variety of definable problems, many of which are now treatable. Several important problems deserve further comment.
Necrotizing enterocolitis. Necrotizing enterocolitis continues to be a major complication that develops in the most immature infants. Mortality was extremely high until the early 1970s, at which time a group of physicians at the University of Washington noted that early recognition and aggressive medical and surgical management could significantly reduce mortality (142) . In addition, staging of the disease process has allowed better evaluation of the various approaches to diagnosis and care. Pediatric surgeons are currently conducting a randomized, controlled trial of immediate exploratory laparotomy versus simple drainage followed by later exploration. Despite a better understanding of the disorder and that feeding with breast milk provides some protection, necrotizing enterocolitis still affects 7-10% of infants with birth weight Ͻ1500 g and causes increased morbidity and prolonged hospitalization (143) .
IVH/periventricular hemorrhage. Brain imaging was introduced into neonatology in the mid-1970s (144) . This was initially with computed tomography, which revolutionized our ability to determine whether intracranial hemorrhage had occurred. In 1979, the first reports of ultrasound imaging of the brain were published (145) . This was even more exciting, because it could be done at the bedside, whereas computed tomography scanning required moving the infant to the machine (still not an easy task when an infant is on assisted ventilation). Particularly with head ultrasound, it was possible to confirm rapidly (or refute) the clinical suspicion of IVH. Too often, clinical impressions proved to be incorrect, and many sick infants with falling hematocrits were found not to have intracranial hemorrhage (146) .
Cranial ultrasound allowed better understanding of the pathophysiology of IVH/periventricular hemorrhage (PVH), but it remains a comparatively common problem in the extremely preterm infant, especially before 29 wk gestation. The 806 PHILIP incidence of grade 3 (hemorrhage dilating the ventricles) and grade 4 (extension of hemorrhage into the brain parenchyma) IVH/PVH has decreased significantly in the past 20 y (147), particularly with the increased use of prenatal corticosteroids (87, 88) , improved recognition and treatment of chorioamnionitis, improved obstetric management, and postnatal use of indomethacin (148) . Nevertheless, up to 15% of VLBW infants (Ͻ1500 g) are still affected by IVH/PVH, which is likely to have long-term adverse consequences on neurodevelopmental outcome (149, 150) .
Whereas sequential head ultrasound scanning is frequently used early in the neonatal course, magnetic resonance imaging, which was introduced approximately a decade afterward, is the preferred technique. Magnetic resonance imaging provides greater definition and clearly delineates white and grey matter. Adding spectroscopy to the imaging yields more information about function and structure (151) .
ROP. Formerly called retrolental fibroplasia because in its most severe form the retina may be scarred or even become detached, ROP causes considerable heartache. The role of the misuse of oxygen in its cause has been well documented by William Silverman (18) , but this is a complex disorder that is still being elucidated (152) . The disorder cannot be evaluated until the blood vessels of the retina are of a certain maturity; examinations usually start at 6 wk after birth, so this is usually the last of the problems of prematurity to declare itself. In the sickest of preterm infants (Ͻ29 wk gestation), it hangs over parents like the sword of Damocles. It is usually not possible to provide reassurance that the eyes have been spared until closeto-term gestation.
At one time, severe stages of ROP inevitably resulted in blindness, but in the past 15 y, there has been considerably more optimism. In 1988, the first ray of hope was provided by a preliminary report of improved outcome in severe ROP with the use of cryotherapy (153) . Subsequently, the more usual approach is to ablate the proliferating blood vessels with laser therapy, with or without cryotherapy. Although this does not guarantee normal vision, it is more likely that there will be a successful outcome.
NEONATAL SURVIVAL
Although neonatal mortality is defined as deaths that occur before 28 d after birth, many authors in recent years have considered that all deaths before discharge from the nursery should be considered in that statistic. Thus, survival to discharge may be a more appropriate way of looking at things. Parents, before delivery at an early gestational age, want to know two things: 1) what are the chances that the infant will survive; and 2) if the infant survives, what are the chances of neurodevelopmental disability?
As recently as the mid-1960s, extremely low birth weight (ELBW; Ͻ1000 g) infants had a survival rate of~5% (i.e. the mortality rate was 95%) (154) ; by 2000, the survival rate in neonates with birth weight 901-1000 g was 95%. In 1960, infants who were born at Ͻ28 wk gestation were considered "previable." Today, Ͼ50% of infants who are born at 24 wk gestation survive (149).
The gestational age at which 50% of neonates survived decreased from 29 wk in 1960 to 24 wk by the early 1990s. Although the long-term outcome for VLBW (Ͻ1500 g) survivors was poor in the 1960s (155) , infants with birth weights of 1000 -1500 g now do well. However, the number of infants with disabilities has stayed approximately the same because of increased survival at lower gestational ages. In survivors who are born at 23-24 wk gestation, major disabilities occur in 20% and mild to moderate disabilities occur in an additional 20 -30% (150) . This means that 50% of such infants may be normal. Unfortunately, it is difficult to predict accurately into which half an infant will fall.
Neonatal survival and/or mortality is strongly linked to the number of premature or LBW infants born. Intensive efforts to decrease the incidence of prematurity using a number of different strategies have had very little impact on the problem. In the United States, the incidence of prematurity has increased in recent years. This is largely due to an increase in the number of multiple births (twins, triplets, and higher), which are more likely to result in a preterm delivery. Approximately 25 y ago, multiple births accounted for 1.8% of all pregnancies, whereas currently, the proportion is~2.5%.
This increase in multiple births is the result of advances in assisted reproduction techniques such as pharmacologic induction of ovulation, standard in vitro fertilization, and intracytoplasmic sperm injection, which now are commonplace. However, even with certain safeguards (e.g. implanting only two embryos), the risk for multiple births is high (156) . Not only that, a recent study from Australia (157) showed that there may be an increased risk for birth defects. Assisted reproductive techniques accounted for Ͼ40% of multiple pregnancies beyond simple twinning and for many more LBW and VLBW infants (158) .
REGIONALIZATION/DEREGIONALIZATION
In the late 1960s and early 1970s, many areas of medicine were the beneficiaries of the Regional Medical Programs initiative started in 1965. In some areas, neonatal care benefited from this initiative-although heart disease, cancer, and stroke were targeted-and the success of these programs resulted in wider dissemination of the concept. In addition, comparative data indicated that mortality and morbidity were higher in infants who were transferred to centers after birth in comparison with those who were born at the center (159) . When mothers were transferred to the center to deliver, the data showed that such maternal-fetal transfers had mortality and morbidity that was similar to those who originally planned to deliver at the center (160) .
One of the prime movers in this movement was Joseph Butterfield, along with Jerold Lucey and others. In October 1970, an ad hoc committee met in Denver. The group composed a policy statement on regionalization and/or centralization of perinatal care that was endorsed by the American Medical Association House of Delegates in August 1971 (161) .
When NICUs were first introduced, only the fittest infants who were born in community hospitals were able to survive the trip to the regional center. However, this era was followed by 807 HISTORY OF NEONATOLOGY concentration on improving the transport of neonates (162) . Such a system was necessary when there were limited resources of equipment and personnel. However, as more and more people went into this new specialty of neonatology, any hospital with aspirations to be a full-service provider decided that it would build a NICU. This resulted in a very competitive climate in some areas, where the number of NICU beds exceeded the demand. There was some natural attrition for a while, but when survival of small infants improved, it was sometimes difficult for the centers (usually academic centers) to be able to accommodate all of the infants who were eligible for transfer. This further stimulated development of NICUs in nonacademic centers.
In the early days of neonatology, the expertise was largely confined to academic centers, where research was conducted. By the late 1980s, many neonatologists preferred the freedom of providing only clinical care and did not want to worry about competing for grant support to conduct research. Consequently, many of them went private.
A certain amount of deregionalization has occurred, which was possible as a result of the expanding numbers of physicians, nurses, and respiratory therapists. In addition, in many areas, having an infant many miles away from where the parents live created an unnecessary burden, especially when appropriate care could be provided closer to home. This resulted in attempts to back-transfer infants when the acute phase of their illness resolved. This is not always what parents want but has become an option for neonates who require an extended hospital stay, usually the very preterm infant.
The concept of concentrating the sickest patients in regional centers persists, despite the establishment of nurseries that are capable of providing a high level of care in community hospitals. For instance, in California, the state designates four levels of care for nurseries. Level 3 is a community NICU, which may be capable of providing assisted ventilation but would not normally perform neonatal surgery or have a large number of consultative services available. Level 4 is a regional NICU, to which community NICUs relate. These NICUs provide the complete range of consultative services-pediatric surgery, cardiology, neurology, ophthalmology, genetics, endocrinology, etc.-and are most commonly affiliated with an academic center.
Although neonatal transfer remains an option and is usually accomplished safely with the use of specialized teams that are trained for this purpose, it is still considered desirable for most extremely preterm fetuses, particularly Ͻ30 wk gestation, to be transported in utero for delivery at the regional center (163) . With increased detection of congenital malformations using prenatal ultrasound, it is also usually the case that such infants, who are likely to require surgery, will be delivered at a regional center. In this way, a multidisciplinary approach can be coordinated more easily. All of this has improved the care provided to mothers and infants in a region.
Home birth movement. The home birth movement could be considered as an extreme extension of deregionalization. In the mid-1970s, there was an upsurge in the belief that the most natural place to deliver was at home. This movement was led by lay midwives, rather than nurse midwives, many of whom were unwilling to acknowledge the risks inherent in delivering infants at home. To counter this movement, a number of hospitals introduced "alternative birth centers" with a more home-like environment for low-risk patients (164) . Recently, the pendulum seems to have swung back again, with the realization that emergencies cannot be dealt with adequately at home.
Perinatal outreach education. To make a regional program work effectively, there needs to be a close collaboration among maternal-fetal medicine physicians, neonatologists, and perinatal nurses. Community obstetricians, pediatricians, and family practitioners need to learn what they can do under certain circumstances to make sure that mothers and infants receive the best care possible. In addition to stabilization techniques, they need to know what is available at the regional center. The most effective way to do this is to interact personally with referring physicians. In most perinatal regions, this is accomplished through Outreach Education (165) . This kind of interdisciplinary collaboration is one of the major changes that has occurred in the past 40 y.
PARENT-INFANT INTERACTION
Although it may not seem to be an obvious advance in neonatology, it is important to understand the change that has occurred in the attitudes of physicians and nurses to the role of parents in the care of their infants. When I was a pediatric resident, I was barely allowed to enter the premature nursery and parents were allowed to view their infants only through a glass partition [see also (6, 18) ]. There was great emphasis placed on the susceptibility to infection of the premature infant.
All of this changed at the end of the 1960s, with an initial study by Barnett et al. (166) at Stanford, but was subsequently in response to the work of Marshall Klaus and John Kennell, who promoted the idea of "bonding." Although this was initially concentrated on maternal-infant interaction (167) , it rapidly expanded to include fathers (168) . T. Berry Brazelton published his Behavioral Assessment Scale (169) and drew our attention to differences in interactions of infants with fathers. With greater involvement in the nursery, parents gradually assumed more responsibility for decisions concerning their infants. The old paternalistic attitudes of physicians were replaced by a team approach that included the parents. Although it is not always possible, because delivery may occur too rapidly, prenatal consultation with both parents by a neonatologist now is the norm when a mother is in preterm labor at 23-25 wk gestation to discuss possible options regarding resuscitative efforts and subsequent management (170) .
Not only were parents encouraged to come to the bedside or incubator-side and touch the infant and hold the infant, if he or she was not attached to too much equipment, but also mothers were encouraged to contribute to the care of their infants by providing expressed breast milk (171) . This aspect of care allowed both parents to feel more engaged with their infants as fathers are frequently the transporters of frozen breast milk for storage. In some developing countries, the concept of "kangaroo" care was introduced (172) and such skin-to-skin contact 808 PHILIP now is frequently encouraged in nurseries in the United States (173) .
NEONATAL METABOLIC SCREENING
One well-established procedure at present, which "always seems to have been around" but was introduced Ͻ50 y ago, is screening for metabolic disease using blood spots on filter paper. The first test, introduced in Massachusetts, was a test for phenylketonuria, called the Guthrie test (174) . This was initially proposed as a urine test but then applied to blood spots and was based on a bacterial inhibition assay, introduced in 1961 because increased levels of phenylalanine enhance bacterial growth (175) . States rapidly introduced legislation to support the screening of this disorder in all infants at the time of discharge from the hospital (in term infants).
The PKU test, as it was called for many years, had several other inborn errors of metabolism added to the screening over the next decade, such as homocystinuria, maple-syrup urine disease, and galactosemia. Screening for congenital hypothyroidism was introduced in the early 1970s (176) . This was superimposed on the system already in place, at a time when some were questioning the utility of metabolic screening, because most disorders had an incidence of 1:10,000 -1:125,000, or more. However, congenital hypothyroidism has an incidence of 1:3000 -1:5000.
Several more tests were added to these basic screening tests in different states (e.g. assessment of biotinidase deficiency, testing for hemoglobinopathies, immunoreactive trypsin for cystic fibrosis) depending on the racial distribution of the population. Recently, many more (but rare) inborn errors of metabolism can be screened using blood spots and the technique of tandem mass spectrometry (177) . Unfortunately, the current economic climate has limited state support for this technique in some states.
JAUNDICE
Over the past 40 y, there has been an enormous change in the cause of severe hyperbilirubinemia, manifest most commonly in the neonate as profound jaundice. Whereas 40 y ago, Rhesus incompatibility was a major problem, resulting in the need to perform large numbers of exchange transfusions to prevent the development of kernicterus, it now has been virtually eradicated (178) . Consequently, many pediatric residents and some fellows in neonatology finish their training without having performed an exchange transfusion, almost incomprehensible to the older generation! Globally, glucose-6-phosphate dehydrogenase deficiency probably contributes the largest proportion of infants with severe hyperbilirubinemia. Studies conducted over more than a decade, particularly in Greece, indicate that tin-mesoporphyrin, which is a potent inhibitor of heme oxygenase, can be used as an alternative to exchange transfusion or as prophylaxis against severe hyperbilirubinemia (179) .
In the preterm infant and others, phototherapy is the mainstay of treatment. Early discharge of term infants has become the norm and makes the task of detecting and preventing severe hyperbilirubinemia more difficult (180) . One adjunct that should facilitate detection is the use of transcutaneous bilirubinometry, first introduced in Japan (181), which is a screening tool and lessens the need for blood tests. There now are published norms for age-specific levels of total serum bilirubin, hour by hour from 18 to 168 h after birth (182) . In conjunction with assessment of end-tidal carbon monoxide, corrected for ambient CO, the task of early detection of the at-risk neonate is somewhat easier (183) . Increased vigilance has been emphasized in recent years, because of the re-emergence of kernicterus, a disorder that should be entirely preventable (184) .
Phototherapy. Phototherapy started in 1958 (185) , and 10 y after its introduction, it was reintroduced in the United States for use in preterm infants by Jerold Lucey (186) . There was contentious debate about its safety in the early days, but it now is an established treatment modality that helps to prevent kernicterus in preterm infants. Although overhead lights are usually used, the application of eye shades often upsets parents. Bili-blankets, using fiberoptics, now can be wrapped around the infant to avoid the need for eye protection (187) ; also a new phototherapy light source, using high-intensity, light-emitting diodes, has been shown to be at least as effective as conventional phototherapy (188) .
CHANGES IN ROUTINE PRACTICES
Routine neonatal care has changed substantially in the past 50 y. Although well-infant nurseries are primarily the domain of the general pediatrician, they provide the basis of neonatology. Since 1983, the AAP has published jointly with the American College of Obstetricians and Gynecologists "Guidelines for Perinatal Care," now in its fifth edition (189) .
Previously, it was thought necessary to wear caps, gowns, and masks before entering any nursery. Today the emphasis is on hand washing. Other areas of care that have changed include umbilical cord care, eye prophylaxis, sleep position (105) , and identification procedures. Three additions to routine care are 1) administration of Hepatitis B vaccine, 2) hearing screening (190) , and 3) use of car seats (191) . With regard to this last item, attitudes toward automobile safety have changed for all ages, but special considerations apply to premature infants at discharge (192) .
ROLE OF WOMEN IN NEONATOLOGY
Perhaps in no other pediatric specialty has the role of women been greater than in neonatology. As already mentioned, Virginia Apgar and Mary-Ellen Avery contributed seminal works that had an enormous influence on the care of neonates. 
NEONATOLOGY AND THE PEDIATRIC SOCIETIES
The American Pediatric Society was established in 1888, and in its centennial year, the newborn infant was one of four featured areas at the annual meeting (193) . In the late 1960s and 1970s, the American Pediatric Society-Society for Pediatric Research meeting was a very exciting place to be, with many new discoveries presented. In the words of Murdina Desmond: "As the end of the baby boom (1946 -64) approached, neonatology took its place as a major division of pediatrics. At pediatrics meetings, newborn research was presented to standing-room only audiences" (6) .
The Perinatal Section was established within the AAP in late 1974. A list of chairpersons is provided in Table 1 . The first 25 y of the Perinatal Section were summarized by L. Joseph Butterfield, an early promoter and staunch supporter of the section until his death in 1999 (194) .
In 1975, both the first examination of the Sub-Board of Neonatal-Perinatal Medicine (for the chairpersons, see Table  2 ) and the first meeting of the Perinatal Section were held. The first chairman of the section, William H. Tooley, presided over the presentation of the Apgar Award to Clement A. Smith, who had recently (in 1974) relinquished the Editorship of Pediatrics to Jerold F. Lucey (another neonatologist, who still holds that position!). The list of recipients of the Apgar Award, presented to "an individual whose career has had a continuing influence on the well-being of newborn infants," is provided in Table 3 .
In 1993, Dr. Leonore Ballowitz from Berlin, Germany, gave the first Thomas E. Cone, Jr., M.D., Lecture on Perinatal History on "The Life of Arvo Ylppö. Other speakers and topics are provided in Table 4 .
ERRORS IN NEONATOLOGY
Although it would be comforting to think that modern neonatal care evolved seamlessly in a series of logical steps, there were many missteps along the way. Many of these were outlined by Dr. William Silverman in his book Retrolental Fibroplasia (18) . In addition, Dr. Alex Robertson recently published three papers detailing some major mistakes that have occurred in neonatology (195) (196) (197) . The second and third papers are concerned with errors that occurred since 1950. A summation is provided in Table 5 .
One example is the uncontrolled introduction of gastrostomy feeding for preterm infants in the early 1960s. Gastrostomy feeding was initially introduced as an adjunct to care of infants on ventilators. Unfortunately, this technique was rapidly introduced to the care of other preterm infants. It was abandoned at the end of the 1960s, when a randomized, controlled trial showed no benefit of gastrostomy; in fact, both mortality and morbidity were increased in the gastrostomy group (198) .
WHAT DOES THE FUTURE HOLD?
In some ways, the future is now. Certain activities are occurring in some centers that are likely to be reproduced and become standard operating procedure in the future. The difficulty is to know which of these activities will persist. Ten years ago, I would have strongly predicted that liquid ventilation with perfluorocarbons (199) would be a major therapeutic technique in most university or research centers at the present time. However, it has not emerged as the force that many would have predicted.
Simulation techniques. My colleague Lou Halamek has developed a simulated delivery room in which realistic maternal and infant mannequins can have their vital signs manipulated so that students, residents, nurses, etc. can practice resuscitation and other emergency responses while being videotaped. Such simulation activity allows people to become proficient and respond appropriately, before being subjected to a real, live, situation. There is also simulation for responding to emergencies in an infant who is on ECMO (http://cape.lpch.org). Other centers are likely to adopt these approaches, and in the future, they may evolve into the use of virtual reality techniques.
Multidisciplinary/multicenter studies. In recent years, the National Institute on Child Health and Human Development network and the Vermont-Oxford Network (VON) have attempted to answer questions about clinical medicine by developing research protocols that can be used in a large number of centers to answer those questions in a much shorter time frame than would have been possible several years ago.
A number of quality improvement initiatives have also been started. A select group of~10 centers in the VON engaged in quality improvement cycles focusing on specific goals during (200) . By gathering data from a large number of centers, benchmark centers, with the lowest rates, could be identified and used to evaluate how improvements could be made in other centers. The VON database, now used by Ͼ400 NICUs around the world, is limited to neonates with birth weights Ͻ1500 g (VLBW).
A more recent VON quality improvement initiative was titled NIC/Q 2000 and involved a larger number of centers (201) . In California, there was the development of the California Perinatal Quality Care Collaborative, which includes larger infants who are sick, as well as the VLBW infants. Individual centers can evaluate themselves against the total cohort to understand where possible improvements might occur. This allows interventions to be introduced and cycles of change to occur (202) .
It seems likely that these initiatives will expand even further in the future and will allow the best practices to be identified and endorsed. I believe that such evidence-based medicine will be very important in the future (203) .
Gene therapy. I would have predicted a decade ago that gene therapy would be a daily occurrence in the year 2004, but there have been a number of setbacks in translating potential into practice. Nevertheless, it seems likely that the difficulties associated with this technique will be overcome in the future. After identifying a single genetic defect as the cause of a problem in a neonate, it will be possible to replace the defective gene.
Biologic reporters. Light-emitting enzymes, luciferases, can label genes and cells. These internal light sources can be detected externally and become biologic indicators or reporters. This bioluminescent imaging has been used with target and therapeutic genes in living laboratory animals to analyze gene delivery and to monitor gene expression and immune therapies (204, 205) . Extension of these techniques to human newborn infants seems likely.
Artificial placenta. One of the topics that has been mentioned for as long as I have been in neonatology is the development of an artificial placenta. This futuristic idea remains just that, and I doubt that hooking up an infant to an artificial placenta will occur any time soon.
The changing role of pediatricians. With every passing year, the pediatric residency program seems to add another requirement that residents must satisfy to be a certified pediatrician. Over the past decade or more, the amount of time that residents spend in critical care units has been cut back substantially. Consequently, today's pediatric residents are not as well prepared to deal with unusual findings or neonatal emergencies. This has resulted in increasing reliance on neonatologists to provide consultations in well-infant nurseries, with further erosion of the general pediatrician's skills with the neonate. This trend is likely to continue and may result in the expansion of the neonatal nurse practitioner workforce (206) .
Rapid identification of infectious disease. Presently, a number of viruses and bacteria can be detected using PCR techniques to make a rapid diagnosis (130) . In the future, it seems likely that specimens will be screened with PCR to detect a battery of pathogenic organisms, and more judicious use of antibiotics will be needed to prevent the emergence of resistant organisms.
New vaccines. Considerable progress has been made in developing GBS vaccines to individual subtypes (207) . In the future, a polyvalent vaccine should be available as will a vaccine against HIV.
Blood substitutes. Although each transfusion of blood in the neonate is comparatively small, NICUs are among the heaviest users of blood banks. Despite all of the safeguards to keep the blood supply free from contamination, it still seems worthwhile to seek blood substitutes.
Technological advances. It is already possible to gain access to fetal cells and to grow them selectively. This offers therapeutic potential (208) , and such tissue engineering has already occurred (209) .
There has been a recent surge of interest in harvesting blood from the placenta to provide autologous blood transfusion in preterm infants (210) , which minimizes demands for donor blood and its attendant risks.
Newer imaging techniques have been described in animal or experimental models (152) . These are likely to reach the bedside soon along with skin surface electrodes that can measure glucose, electrolytes, and other biochemical determinations.
Better understanding. There are many areas that still require elucidation and may yield answers with practical applications. Examples are 1) a better understanding of thrombophilia, which on the maternal side may be implicated in preeclampsia and IUGR and in the neonate may influence thrombotic complications; 2) a better understanding of organ damage and repair; and 3) an improved recognition and treatment of genetic disorders. Perhaps most important of all would be a better understanding of how to prevent prematurity.
CONCLUSION
In the past 50 y, there has been remarkable change in the care of the neonate. Particularly, the outlook for infants with birth weights of~1 kg has changed from 95% mortality to 95% survival. This report provides an overview of the development of the most important principles and concepts that form the basis of neonatology today. As neonatologists, we owe an enormous debt to our predecessors, but we are still faced with many challenges for the future.
